Abstract: This study evaluated the effect of variety (V; CDC Cowboy, CDC Copeland, and Xena) and stage of harvest maturity (M; milk, early-, mid-, and hard-dough) on nutrient and neutral detergent fiber digestibility (NDFD) characteristics of barley forage using a randomized complete block design with 3 × 4 factorial treatment arrangement. Barley varieties had similar crude protein, but CDC Cowboy had greater (P < 0.01) acid detergent fiber (ADF), neutral detergent fiber (NDF), and lignin, and lower (P < 0.01) total digestible nutrient (TDN) content relative to Xena. Starch content of CDC Cowboy was lower (P < 0.01) than Xena at all stages of maturity with CDC Copeland intermediate at early-and mid-dough stages. Crude protein, ADF, NDF, and lignin content decreased (P < 0.01) while starch and TDN content increased (P < 0.01) with advancing maturity. Xena had greater (P < 0.01) NDFD, as determined by 6 h in vitro incubation using Daisy II system (NDFD 6h ), at milk, mid-and hard-dough stages of maturity than CDC Cowboy with CDC Copeland intermediate at mid-dough. However, CDC Cowboy had greater (P < 0.01) NDFD, as determined by 30 h in vitro incubation using Daisy II system (NDFD 30h ), at early-dough stage than Xena and greater NDFD 30h at hard-dough stage than CDC Copeland. Xena had the lowest (P < 0.01) indigestible NDF based on 288 h ruminal in situ incubation (INDF 288h ), relative to CDC Copeland. These results indicate that to optimize NDFD 30h , variety should be considered when deciding the timing of harvest.
(INDF 288h -« INDF based on 288 h ruminal in situ incubation ») relative à la variété CDC Copeland. Ces résultats indiquent que pour optimiser la NDFD 30h , il faut tenir compte de la variété pour décider du moment de la récolte. [Traduit par la Rédaction] Mots-clés : fourrage d'orge, variété, stade de maturité, NDFD.
Introduction
Feedlot and dairy operations in western Canada primarily rely on whole-crop barley (Hordeum vulgare L.) as the major forage source for silage and extended winter grazing systems because of its nutritional and ensiling characteristics (Kaulbars and King 2004) , and due to its short growing season being suitable for the northern Prairies (McAllister et al. 1995; Juskiw et al. 2000) . Nair et al. (2016) reported that the barley varieties commercially harvested and ensiled at mid-dough stage of maturity varied in 30 h neutral detergent fiber (NDF) digestibility (NDFD 30h ), as determined by the Daisy II in vitro system, and indigestible NDF content based on 288 h ruminal in situ incubation (INDF 288h ). These authors reported that the barley variety CDC Cowboy had the greatest NDFD 30h and the lowest INDF 288h content, relative to the varieties CDC Copeland and Xena. However, subsequent studies (Nair et al. 2017; Preston et al. 2017a Preston et al. , 2017b using the same barley varieties grown in two geographical locations and harvested for silage at the mid-dough stage of maturity did not report any variety differences in NDFD 30h . Differences between these studies include the fact that in the work of Nair et al. (2016) , the silage samples were collected from commercial beef and dairy operations where barley for silage was estimated to be harvested at the mid-dough stage as determined by visual evaluation by individual producers. In contrast, for the work of Nair et al. (2017) and Preston et al. (2017a Preston et al. ( , 2017b , the three varieties were all seeded and managed similarly and harvested on the same date at each research station. Thus, differences in the relative maturity of these varieties between studies may have affected the digestibility results. Maturity at harvest has a major influence on the quality and nutritional value of whole-crop barley for silage (Acosta et al. 1991; Borowiec et al. 1998) . These authors also reported that the total tract digestibility of NDF decreased as maturity of barley silage increased from the boot to mid-dough stage. Barley is generally harvested at or before the mid-dough stage of maturity in western Canada, balancing dry matter (DM) yield and nutrient quality (Bergen et al. 1991; Kaulbars and King 2004) . However, Rosser et al. (2013) reported that the effectively degradable DM (EDDM) yield of barley (CDC Cowboy) increased as crop maturity advanced from the boot to mature stage. These authors suggested that harvesting whole-crop cereals at hard-dough and mature stages for swath grazing may increase the yield of EDDM. However, the effect of maturity of barley varieties at harvest on forage production and NDFD 30h has not been evaluated. The objectives of this study were to determine how NDFD 30h was affected by variety and stage of maturity when barley was seeded, managed, and harvested from replicate plots in a similar manner over multiple years. This approach assessed the potential of using nutrient parameters such as NDFD 30h as a criterion for selecting an appropriate barley variety for forage production for beef and dairy producers in western Canada.
Materials and Methods

Agronomic practices and sampling
The study was conducted on nonirrigated land (52°09′N 106°33′W, 500 m elevation) at the Kernen Crop Research Farm of the University of Saskatchewan (Saskatoon, SK, Canada) over two crop years (2014 and 2015) . Seed for CDC Cowboy and CDC Copeland were sourced from the Breeder Seed Unit at the Kernen Crop Research Farm (Saskatoon, SK, Canada), whereas the seed for Xena was sourced from Crop Production Services (Regina, SK, Canada). Each variety was seeded in three adjacent plots (90 cm apart) with each plot subdivided into three subplots (50 cm apart) measuring 1.2 m × 3.6 m for a total of three replicates for each variety in both crop years. Seeds were pretreated with Raxil® WW (Bayer CropScience Inc., Calgary, AB, Canada) containing Raxil® MD fungicide and Stress Shield® for cereals at a rate of 3 mL kg −1 and 0.3 mL kg −1 of barley, respectively. Plots were seeded at a rate of 1400 seeds per plot using a custom seeder with five rows spaced 20 cm apart. Fertilizer (28-23-00) was applied with the seeds at a rate of 55.6 kg ha −1 . The herbicide Buctril M (Bayer CropScience Inc., Calgary, AB, Canada) was applied at a rate of 692 mL ha −1 for postemergence control of annual and broadleaf weeds. Whole-crop barley samples from each of the replicate plots were collected in both crop years at milk, early-, mid-, and hard-dough stages of maturity as determined by visual evaluation as per the Zadoks growth scale (Zadoks et al. 1974) . At each sampling stage, whole-plant barley was hand clipped to a stubble height of 10 cm. Samples of each variety were taken on the same day from across the subplots for each variety at each stage of maturity. Whole-plant barley was cut into 30 cm long sections for drying. Environmental conditions including maximum, minimum, and average temperature and precipitation data were collected during both crop years from the weather station at the Kernen Crop Research Farm, University of Saskatchewan.
In vitro incubation (Daisy
A total of 72 samples representing the three barley varieties (CDC Cowboy, CDC Copeland, and Xena) from three replicated plots harvested at four different stages of maturity (milk, early-, mid-, and hard-dough) over two crop years were used for the in vitro incubation. The NDFD, as determined by 6 h in vitro incubation (NDFD 6h ) and NDFD 30h were measured using the Daisy II system as described by Damiran et al. (2008) and Nair et al. (2016) O) and ruminal fluid (400 mL) were both added to each jar, purged with CO 2 , and placed into the incubators. At the completion of incubation, the jars were drained and the filter bags were rinsed with cold water until the rinsed water was clear. After rinsing, the bags were placed in an Ankom 200 fiber analyzer for determination of NDF.
Indigestible NDF
Eight ruminally cannulated beef heifers (497 ± 15 kg; mean ± SD) were used for the determination of INDF 288h by the in situ method. Heifers were housed at the Livestock Research Building at the University of Saskatchewan in individual indoor pens with a floor space of 9 m 2 . Each pen was equipped with a feeder, automatic water bowl, and rubber floor mat. Heifers were fed a 85:15 barley silage:concentrate (% DM basis) diet twice daily for ad libitum intake throughout the study. Diets were formulated to meet or exceed the National Research Council (NRC 2000) requirement for crude protein (CP), energy, minerals, and fat-soluble vitamins for backgrounding beef heifers. All heifers were cared for as per the guidelines of Canadian Council on Animal Care (CCAC 2009). Monensin sodium was provided in a vitamin-mineral pellet to achieve 33 mg kg −1 (DM) in the diet. Calcium:phosphorus was formulated for 2:1 ratio.
For each forage sample, 3 g was weighed in triplicate into 5 cm × 10 cm size in situ bags (6 μm pore size, part no. 07 -6/5, Sefar America Inc., Depew, NY, USA). In total, there were 216 bags comprised of three bags each for all three varieties from triplicate plots harvested at four different stages of maturity over 2 yr. Bags were assigned randomly to each heifer. Sample bags were placed in a laundry bag with a weight to keep the samples immersed and positioned in the ventral sac of the rumen and incubated for 288 h (Huhtanen et al. 1994) . Total number of bags incubated in the rumen did not exceed 27 per heifer.
After incubation, bags were removed from the rumen and rinsed in cold water until the rinse water was clear. After rinsing, the bags were soaked in cold water for 30 min to cease all microbial activities. Bags were then dried at 55°C for 48 h. After drying, the weight of the bag with residue was recorded.
Nutrient analysis
All barley forage samples were dried in a forced-air oven at 55°C for 72 h. After drying, samples were ground to pass through a 1 mm screen (Christy & Norris 8" Lab Mill, Christy Turner Ltd., Chemsford, UK). Samples were analyzed for detailed nutrient composition by nearinfrared spectroscopy (NIRS) using a Foss NIRSystems 5000 (NIR Systems, Inc., Silver Spring, MD, USA) at analyzed by wet chemistry with the addition of amylase and sodium sulfite (Van Soest et al. 1991) .
Calculations and statistical analysis
Field data including maximum, minimum, and mean temperature were calculated as average temperature from seeding to maturity at harvest. Precipitation data were calculated as the total precipitation from seeding to maturity at harvest. Non-fiber carbohydrate (NFC) was calculated as NFC % = 100 -(CP % + Fat % + Ash % + NDF % − NDICP %; Hall 2015) . Nonstructural carbohydrate content was calculated as sum of sugars, starch, organic acids, and fructans (NRC 2001) . Total digestible nutrient was calculated as per Weiss summative equation (Weiss 1998) . The NDFD (6 and 30 h; % NDF) was calculated as NDFD (% NDF) = (NDF in feed -NDF in residue after 6 or 30 h in vitro incubation) ÷ NDF in feed. Indigestible NDF (INDF 288h ) was calculated as INDF 288h = [NDF 288h ÷ NDF] × 100 where INDF 288h is the total indigestible NDF fraction (% NDF); NDF 288h is the amount of NDF remaining in the bag after 288 h of incubation (g), and NDF is the amount of NDF in the bag before ruminal incubation (g). Potentially digestible NDF (DNDF; %) was calculated as (100 − INDF 288h %). The NDFD (6 and 30 h; % DNDF) was calculated as NDFD (% DNDF) = (NDF in feed -NDF in residue after 6 or 30 h in vitro incubation) ÷ DNDF in feed.
The mixed model procedure of SAS version 9.4 (SAS Institute Inc. 2004), with subplot as the experimental unit, was used to analyze the chemical composition of NDFD and INDF 288h content of the three barley varieties harvested at four different stages of maturity. As the experiment was designed as a randomized complete block design with a 3 × 4 factorial arrangement of treatments, effects of variety (V ), stage of maturity (M), and variety × maturity interaction (V × M) were included in the model. Year was used as a random blocking factor. The slice option was used to assess the significance at each level of interaction when V × M was significant. Denominator degrees of freedom were determined using the Kenward-Roger option. Mean separation was done by Tukey's test. Significant differences and trends were declared at P ≤ 0.05 and 0.05 < P ≤ 0.10, respectively.
Results and Discussion
The intent of the study was to determine the effects of variety and stage of maturity on nutrient content and on in vitro and in vivo NDFD of barley forage. Previous work with corn (Oba and Allen 1999) and barley (Oba and Swift 2014; Nair et al. 2016) silage has shown that variety differences occur in the rate and extent of NDFD and that selection for higher NDFD silage varieties can increase the dry matter intake (DMI) and milk yield (Oba and Allen 1999) . However, no studies have evaluated the effects of changes in maturity on NDFD 30h of different barley varieties. Characterizing this parameter could provide producers with an indicator to select the barley varieties for green feed or silage based on their degree of digestibility.
Barley green feed as opposed to silage was used as the model for this research. It is acknowledged that direct extrapolation of digestibility from green feed to silage may not be possible due to the impacts of fermentation during ensiling on whole-crop digestibility. However, the use of green feed allows us to study both the effects of variety and advancing maturity on NDFD 30h . The major differences between barley green feed and silage likely lie in the reduction in water soluble carbohydrate (WSC) and increase in soluble CP content during ensiling as protein is converted into non-protein nitrogen (NPN) (Kaulbars and King 2004) . However, NPN content of green feed can also increase during drying, thus the difference in terms of NPN content between green feed and silage is minimal (Nadeau 2007) .
Environmental data including average temperature and precipitation during the study are presented in Table 1 . There was minimum variation in the temperature between stages of maturity in both study years. However, the cumulative precipitation in year 2 was Table 1 ). In the present study, average growing degree days (GDD) for the milk (680.9 ± 2.53; mean ± SD) and hard-dough (897.3 ± 50.64) stages of maturity at harvest were similar to that of Rosser et al. (2013) who reported 710 and 940 GDD for late-milk and hard-dough stages, respectively, for CDC Cowboy. The GDD is a measure of heat accumulation for forages in a growing season and is calculated as the average of the day's maximum and minimum temperature minus the base temperature (5°C; Bauer et al. 2009 ). Detailed nutrient composition of barley forage as affected by the variety and stage of maturity at harvest are presented in Tables 2 through 5. The V × M interaction was not significant (P > 0.05) for most of the measured nutrient components, except for starch, SP, and sugar content. This indicates that changes in the concentration of most nutrients were similar among varieties. Maturity stage at harvest influenced (P < 0.01) all the measured nutrient components except for EE (P > 0.05) which averaged 2.3 ± 0.22 (mean ± SD) across all maturities (Table 2) . Variety had an effect on EE concentration with CDC Cowboy having a lower (P < 0.01) EE content relative to CDC Copeland and Xena even though the magnitude of this difference was minimal. As expected, DM content of the varieties increased (P < 0.01) with advancing maturity. Average DM content across the three varieties at the four stages of maturity was similar to that reported in the literature for barley green feed (Nadeau 2007; Rosser et al. 2013) . Ash content of CDC Cowboy was greater (P < 0.01) relative to that of CDC Copeland and Xena. Moreover, ash content decreased (P < 0.01) with advancing barley maturity.
Crude protein content averaged 10.2 ± 0.97% (mean ± SD; % DM basis) across varieties (Table 3) . When expressed as a percentage of CP basis, SP showed a V × M interaction with CDC Cowboy having similar SP across all stages of plant maturity while CDC Copeland and Xena exhibited a decrease with advancing maturity (Fig. 1) . At mid-dough, CDC Cowboy had greater (P < 0.01) SP relative to CDC Copeland and Xena while at hard-dough, CDC Cowboy had greater SP content relative to Xena with CDC Copeland intermediate. The SP fraction of CP is soluble in the rumen (Licitra et al. 1996; Hedqvist and Udén 2006) Note: V, variety of barley; M, maturity at harvest; V × M, interaction between variety and maturity; SEM, standard error of the mean. Means without a common lowercased letter differ (P < 0.05). Note: CP, crude protein; DM, dry matter; SP, soluble protein; ADICP, acid detergent insoluble crude protein; NDICP, neutral detergent insoluble crude protein; V, variety of barley; M, maturity at harvest; V × M, interaction between variety and maturity; SEM, standard error of the mean. Means without a common lowercased letter differ (P < 0.05).
The ADICP and NDICP contents (% DM basis) were greater (P < 0.01) for CDC Cowboy relative to CDC Copeland and Xena. Nair et al. (2017) reported a numerically greater ADICP and NDICP contents in CDC Cowboy silage as compared to the other two varieties when all were harvested at the mid-dough stage of maturity. Greater ADICP and NDICP of CDC Cowboy are likely due to the greater ADF and NDF contents of this variety relative to Xena (Table 4) . Acid detergent insoluble crude protein includes the fraction of protein that is associated with ADF residue. While forages naturally contain some ADICP, it generally represents heat-damaged protein and protein associated with lignin (Licitra et al. 1996) . The ADICP fraction, particularly in heat damaged forages is considered unavailable to ruminal microbes and is not digested by the proteolytic enzymes in the small intestine (Goering et al. 1972 ). Similar to ADICP, NDICP represents the CP associated with the cell wall (NDF). The NDICP represents the B3 fraction of protein in the Cornell Net Carbohydrate and Protein System of feed evaluation, and is slowly degraded in the rumen. Depending on the nature of the feed and ruminal passage rate, a considerable fraction of NDICP can be made available for absorption in the small intestine.
Crude protein, SP, and NDICP content decreased while ADICP increased (P < 0.01) with advancing barley maturity (Table 3) . As ADICP includes protein associated with lignin and since lignin as a percentage of NDF increases Note: NDFD 6h , NDF digestibility as determined by 6 h in vitro incubation using Daisy II system; DNDF, potentially digestible NDF; NDFD 30h , NDF digestibility as determined by 30 h in vitro incubation using Daisy II system; INDF 288h , indigestible NDF based on 288 h ruminal in situ incubation; V, variety of barley; M, maturity at harvest; V × M, interaction between variety and maturity; SEM, standard error of the mean. Means without a common lowercased letter differ (P < 0.05). Note: ADF, acid detergent fiber; DM, dry matter; NDF, neutral detergent fiber; NFC, nonfiber carbohydrate; NSC, nonstructural carbohydrate; TDN, total digestible nutrient; V, variety of barley; M, maturity at harvest; V × M, interaction between variety and maturity; SEM, standard error of the mean. Means without a common lowercased letter differ (P < 0.05).
a NFC calculated as NFC % = 100 − (crude protein % + Fat % + Ash % + NDF % − neutral detergent insoluble crude protein %).
b NSC calculated as NSC % = sugars % + starch %.
c TDN calculated as per Weiss summative equation (Weiss 1998) .
as plant matures, ADICP is expected to also increase with advancing maturity. A decrease in NDICP in the present study is interesting as it has been reported that mature forages contain a considerable amount of NDICP (Hassanat et al. 2006; Yari et al. 2014; Hakl et al. 2015) . These authors reported that the NDICP of whole-crop pearl millet, lucerne, and alfalfa forages respectively, increased with advancing maturity. The decrease in NDICP of barley varieties with advancing maturity in the present study is likely due to a decrease in the protein fraction associated with hemicellulose. Even though hemicellulose was not reported in the present study, when calculated as the difference between NDF and ADF, hemicellulose content decreased with advancing maturity (data not shown). The decline in CP content of whole-crop barley forage with advancing maturity is consistent with Wallsten and Martinsson (2009) who reported a decrease in CP with advancing maturity of barley green feed from early-milk (11.5%) to early-dough (9.8%) stage (% DM basis). This decrease is likely due to the concurrent increase (P < 0.01) in starch content ( Table 4 ) that occurs as the plant matures. CDC Cowboy had a higher ADF and NDF contents (P < 0.01) across all stages of maturity relative to Xena with CDC Copeland intermediate (Table 4) . A higher ADF (33.0%) and NDF (52.6%) contents (% DM basis) for CDC Cowboy green feed were also reported by Gill et al. (2013) relative to other barley varieties evaluated. In a companion study at Lethbridge (AB, Canada) Preston et al. (2017b) reported a similar ADF and NDF for CDC Cowboy (26.5% ADF and 50.2% NDF) and CDC Copeland silages (27.1% ADF and 51.6% NDF) while these parameters were lower (25.2% ADF and 49.1% NDF) in Xena silage. The ADF and NDF contents decreased (P < 0.01) as maturity at harvest advanced from milk to hard-dough stage. Nadeau (2007) reported 13% and 14% decrease, respectively, for NDF and ADF as maturity at harvest of wholecrop barley advanced from early-milk to early-dough stage. Similarly, Rosser et al. (2013) reported a linear (P < 0.01) decrease in NDF content for CDC Cowboy green feed with advancing maturity. The lower proportion of ADF and NDF with advancing plant maturity is likely due to a dilution effect as a result of deposition of starch in the kernel as the plant matures (Collar and Aksland 2001) .
Lignin (% DM basis) was greater (P < 0.01) for CDC Cowboy relative to Xena with CDC Copeland intermediate (Table 4) . Moreover, lignin concentration decreased with advancing plant maturity. Khorasani et al. (1997) reported a quadratic effect for lignin content with advancing barley maturity. These authors reported that the lignin content of whole-crop barley increased up to 2 wk after the boot stage and decreased thereafter until harvest at mid-dough. Lignin content expressed as % NDF averaged 8.5 ± 0.42 (mean ± SD) across varieties and increased (P < 0.01) with advancing plant maturity. This increase in lignin content would have a negative impact on forage fiber digestibility. Collar and Aksland (2001) reported that the greater lignification with advancing maturity of small grain cereals reduces the digestible NDF content and energy value of forage, as lignin is not digestible and its presence reduces the digestibility of other cell wall constituents like cellulose and hemicellulose.
Xena had higher NFC and nonstructural carbohydrate (NSC) concentrations (P < 0.01) relative to CDC Cowboy with CDC Copeland intermediate. Greater NFC and NSC contents in Xena are likely a reflection of this variety's higher starch content (Table 4) relative to CDC Cowboy and CDC Copeland, as the NFC fraction consists of starch, simple sugars, and soluble fiber (Onderza 2000) . Nonstructural carbohydrates include starches and sugars. Moreover, both NFC and NSC contents increased (P < 0.01) with advancing plant maturity reflecting the increase in starch content as the plant matures. Both NFC and NSC are digested faster than most of the cell wall fractions (Onderza 2000) and hence represent a readily available source of energy for ruminal microbes. Furthermore, a higher NFC increases the rate of fermentation during ensiling (Woolford 1984 ) and upon consumption it could also improve the efficiency of ruminal microbial protein synthesis (Downing and Gamroth 2007) . Sugar content was greater (P < 0.01) for CDC Cowboy and Xena relative to CDC Copeland and decreased with advancing barley maturity. The sugar content as measured by NIRS represents primarily mono-and di-saccharides and is often equated with ethanol soluble carbohydrate content. These sugars are an important component of the WSC content of plant tissues. The decrease in their content with advancing maturity likely reflects the polymerization of sugars to form starches as the kernel develops and indicates a potential negative effect on ensiling (Nadeau 2007) .
There was a significant V × M interaction (P < 0.01) for starch content (Fig. 2) . At the milk stage, CDC Cowboy (9.4%) and CDC Copeland (9.3%) had lower (P = 0.02) starch contents (% DM basis) than Xena (12.3%). At earlyand mid-dough, CDC Cowboy had a lower while Xena had a higher (P < 0.01) starch content than CDC Copeland. At hard-dough, both Xena (32.9%) and CDC Copeland (32.8%) had a higher (P < 0.01) starch contents than CDC Cowboy (26.8%). Lower starch content for silage samples of CDC Cowboy (14.7%) relative to CDC Copeland (21.0%) and Xena (20.0%) harvested at middough was also reported by Nair et al. (2016) . Similarly, Preston et al. (2017b) reported lower (P = 0.02) starch content for CDC Cowboy (18.6%) green feed relative to Xena (23.0%) with CDC Copeland intermediate (19.0%). Moreover, Gill et al. (2013) reported that CDC Cowboy cut as green feed at mid-dough had a lower total digestible nutrient (TDN) content (63.2%) relative to other two or six row barley varieties (64.8% across varieties), likely due to a lower starch content.
CDC Copeland (64.8%) and Xena (65.4%) had greater (P < 0.01) TDN content relative to CDC Cowboy (62.7%), an observation similar to that of Gill et al. (2013) . As TDN content of feed is calculated by a summative approach (Weiss 1998; NRC 2001) and is based on its nutrient composition and digestibility, the lower starch and higher ADF and NDF contents of CDC Cowboy accounts for its lower TDN content. Moreover, across varieties, the TDN concentration of barley forage increased (P < 0.01) from milk to the hard-dough stage of maturity as a result of the greater accumulation of starch.
The effect of barley variety and stage of maturity at harvest on NDFD characteristics are presented in Table 5 and Figs. 3-5. There were (P < 0.01) V × M interactions for both the NDFD 6h and NDFD 30h (Figs. 3-5 ). Expressed as a % NDF, CDC Cowboy had lower (P = 0.03) NDFD 6h relative to CDC Copeland and Xena at the milk stage (Fig. 3) . Varieties did not vary in NDFD 6h at earlydough and averaged 10.6 ± 3.56% (mean ± SD). At middough, Xena had greater (P < 0.01) NDFD 6h relative to CDC Cowboy with CDC Copeland intermediate. However, at hard-dough, NDFD 6h of CDC Copeland decreased and was similar to that of CDC Cowboy and was lower (P < 0.01) than Xena. When expressed as a percentage of digestible NDF (Fig. 4) , NDFD 6h tended to increase with stage of maturity with no differences between varieties (P = 0.12) at the milk stage. However, at early-and mid-dough, CDC Copeland had greater (P ≤ 0.05) NDFD 6h relative to CDC Cowboy with Xena intermediate. At hard-dough, Xena had greater (P < 0.01) NDFD 6h relative to CDC Cowboy with CDC Copeland intermediate. All three barley varieties showed an increase (P < 0.01) in NDFD 6h (% NDF and % DNDF) with advancing maturity. Ruminal fiber digestion begins with the attachment and colonization of ruminal microbes to forage particles (McAllister et al. 1994; Varga and Kolver 1997) . The time for this attachment to occur is often referred to as the lag time, a period that Van Soest et al. (2005) proposed aligns with 6 h in vitro NDFD. The V × M interaction for NDFD 6h in the present study indicates that there is variability between varieties in terms of lag time. Thus, variety specific digestibility parameters will provide more accurate estimates of DMI, milk production, and performance in modern feed evaluation systems.
Similar to NDFD 6h , there was also a (P < 0.01) V × M interaction for NDFD 30h (Fig. 5) . Expressed as a percentage of NDF, the barley varieties did not vary (P > 0.05) in NDFD 30h at milk and mid-dough, and averaged 45.3 ± 3.88% and 36.4 ± 6.78% (mean ± SD), respectively. Varieties, however, varied in NDFD 30h at early-and hard-dough. These results indicate that the barley varieties grown for silage in western Canada indeed differ in terms of NDFD 30h , with the magnitude and their ranking depending on stage of maturity. CDC Cowboy at the early-dough stage had greater (P < 0.01) NDFD 30h (42.6%; % NDF basis) relative to Xena (37.9%) with CDC Copeland intermediate (40.0%). It is logical to assume that the harvesting CDC Cowboy for forage at earlydough, rather than at the more conventional mid-dough stage will result in improved ruminal and total tract digestibility and likely production in ruminants fed high silage diets. Such a strategy would be particularly important for dairy producers. Greater NDFD of forages has been reported to improve the DMI and milk yield in dairy cattle (Oba and Allen 1999) due to rapid fermentation and ruminal disappearance of NDF. However, at hard-dough, NDFD 30h was similar between CDC Cowboy and Xena and the lowest (P < 0.01) for CDC Copeland. Rosser et al. (2013) reported greater yield of EDDM for CDC Cowboy for swath grazing as maturity at harvest advanced from the boot to the hard-dough stage. Based on the results of Rosser et al. (2013) and from that of the present study, it is likely that CDC Cowboy and Xena would yield greater EDDM relative to CDC Copeland at the hard-dough stage. Harvesting CDC Cowboy and Xena at this stage can be attractive to beef producers who place equal or greater emphasis on the quantity versus quality of forage. A greater reduction in NDFD 30h (36.7%-30.9%) from mid-dough to hard-dough for CDC Copeland likely suggests that the ideal harvest stage for CDC Copeland for silage, green feed, or for swath grazing is mid-dough, as beyond this stage of maturity the NDFD 30h of CDC Copeland declines more rapidly than CDC Cowboy or Xena.
CDC Cowboy had the greatest, while Xena had the lowest, NDFD 30h as a percentage of DNDF (Table 5) . Moreover, NDFD 30h decreased (P < 0.01) with advancing maturity. Rosser et al. (2013) reported a similar results in terms of in situ effectively degradable NDF (EDNDF) of barley green feed (CDC Cowboy). These authors reported an EDNDF of 32.4% at the boot stage, 25.9% at late-milk, 26.0% at hard-dough, and 22.0% at full maturity. As described earlier, a decrease in NDFD with advancing maturity is closely related to greater lignification and crosslinking of the forage plant cell walls (Jung and Allen 1995) . This crosslinking physically prevents the ruminal microbes from attaching to and fermenting the cellulose and hemicellulose (Jung and Deetz 1993 ). An increase in lignin concentration (% NDF basis) with advancing maturity (Table 4) indicates a corresponding increase in indigestible NDF. Nair et al. (2016) reported NDFD 30h (% NDF basis) of 37.0%, 31.1%, and 28.8% for CDC Cowboy, CDC Copeland, and Xena silages, respectively, when harvested at middough. These values are somewhat lower than in the present study. For example, at mid-dough the NDFD 30h values were 37.5%, 36.7%, and 36.6% for CDC Cowboy, CDC Copeland, and Xena, respectively (data not shown). As indicated earlier, in the study of Nair et al. (2016) , barley varieties were harvested at the mid-dough stage as determined by visual evaluation by individual producers while in the present study; varieties were harvested on the same day for each stage of maturity. These differences in determining forage maturity at harvest as well as the differences in environmental growing conditions and type of sample (green feed vs. silage) may have influenced forage nutrient composition and digestibility characteristics between the studies.
Indigestible NDF (INDF 288h , % DM basis) content of CDC Cowboy (24.6%) and CDC Copeland (24.7%) was greater than that of Xena (21.0%; Table 5 ). There was also a tendency (P = 0.07) for greater INDF 288h with advancing barley maturity. Expressed as a percentage of NDF, INDF 288h content of Xena (42.4%) was lower (P = 0.03) than that of CDC Copeland (46.1%) with CDC Cowboy intermediate (45.0%). Moreover, the INDF 288h increased (P < 0.01) with advancing barley maturity. These results reflect the greater NDF and lignin content for CDC Cowboy and CDC Copeland relative to Xena along with the increasing lignin content with advancing maturity (Table 4) . Nair et al. (2016) reported INDF 288h values for the three varieties when ensiled to be similar in magnitude to that seen in the present study. However, in that study, CDC Cowboy had lower INDF 288h values than CDC Copeland or Xena. The INDF denotes the undigested fraction of the forage cell wall that provides no usable energy to the ruminant host (Traxler et al. 1998) .
Potentially digestible NDF content (% NDF basis) of Xena (57.6%) was greater than that of CDC Copeland (53.9%) with CDC Cowboy intermediate (55.0%). Moreover, DNDF decreased with advancing maturity, reflecting the increase in INDF 288h . Greater DNDF content of Xena indicates that the contribution of NDF to digestible energy will be greater relative to that of CDC Copeland. As for INDF 288h , results of DNDF contrasts somewhat with that reported by Nair et al. (2016) who reported greater DNDF for CDC Cowboy (59.0%) as compared to CDC Copeland (47.2%) and Xena (48.8%). As indicated above, differences in NDF content, type of sample (green feed vs. silage) and environmental conditions, including temperature and soil fertility during plant growth, could potentially affect the nutrient composition and subsequent digestibility.
The interaction between barley variety and stage of maturity in NDFD 30h (% NDF basis) provides a potential opportunity for beef and dairy producers to manage their forage crop through selecting for varieties that exhibit improved fiber digestibility. Greater NDFD 30h of barley varieties potentially allows for the replacement of a portion of concentrate in diets without compromising production potential by the increased availability of dietary energy from the forage and potential for increased DMI. There are potential benefits of feeding a greater forage concentration in feedlot diets especially for finishing cattle. Higher levels of forage NDF increases the physically effective NDF content of the diet and stimulates chewing and salivary buffering in the rumen (Beauchemin and McAllister 2008) . Improvements in ruminal pH of finishing cattle fed higher forage levels should reduce the incidence of ruminal acidosis and increase DMI (Galyean and Defoor 2003; Holtshausen et al. 2013 ). This in turn should lead to improvements in average daily gain and (or) feed efficiency (Gill et al. 1981; Koenig and Beauchemin 2011; Holtshausen et al. 2013 ). Further research is needed to evaluate the tradeoff between DM yield and forage quality when barley varieties are harvested at maturity other than the conventional mid-dough stage. Moreover, implications of the differences in NDFD 30h , NDF, and starch content of barley varieties harvested at variety specific maturities have to be evaluated in terms of DMI and animal performance.
Conclusion
Barley varieties previously shown to vary in NDFD 30h (% NDF basis) were evaluated for the effect of variety and stage of maturity at harvest on NDFD 30h . An observed V × M interaction indicated that NDFD 30h varied with advancing maturity among the three barley varieties evaluated. Relatively greater NDFD 30h for CDC Cowboy at the early-dough stage versus the other two varieties indicates that there could be benefits to harvesting this variety before mid-dough. For producers who cut forage at the hard-dough stage to balance both the quantity and quality, the greater NDFD 30h for CDC Cowboy and Xena at this stage indicates that the EDDM of these varieties is likely to be greater than that of CDC Copeland. A greater decline in NDFD 30h for CDC Copeland at the hard-dough stage indicates that this variety should be harvested no later than mid-dough. These results indicate that variety should be taken in to consideration when deciding the stage of maturity at which to harvest barley forage. Greater lignification increases the INDF 288h content (% NDF basis) with advancing maturity as indicated by a decrease in NDFD 30h across all barley varieties. Further research is needed to evaluate the optimum stage of harvest for specific barley varieties whether harvested as green feed or silage on nutritive value and animal performance.
